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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ink jet type recording head which starts an ink jet 
type recording head and its manufacture approach, especially uses a piezo electric crystal component as 
a driving source of the ink regurgitation, and its manufacture approach. 
[0002] 

[Description of the Prior Art] There is an ink jet type recording head which used from the former the 
component which consists of titanic-acid lead zirconate (it is hereafter described as "PZT") as the 
driving source for ink regurgitation, i.e., a component which transforms electric energy into mechanical 
energy. Generally, this ink jet type recording head equips each part corresponding to said individual ink 
path top of the head pedestal in which many individual ink paths (an ink cavity, ink ****, etc.) were 
formed, the diaphragm attached in said head pedestal so that all individual ink paths might be covered, 
and this diaphragm with the PZT component which carried out covering formation, and is constituted. 
By adding electric field to said PZT component, and carrying out the variation rate of the PZT 
component, the ink jet type recording head of this configuration is designed so that the ink held in the 
individual ink path may be extruded from the ink delivery currently formed in the nozzle plate in which 
it was prepared at the individual ink path. 

[0003] When it constitutes said head pedestal from a single crystal silicon substrate, the ink path 
according to individual is formed by performing wet etching to the single crystal silicon substrate 
concerned alternatively. Generally this wet etching is performed using high-concentration alkali 
solutions, such as 5 % of the weight - 40% of the weight of a potassium-hydroxide water solution. 
[0004] Moreover, installation of said nozzle plate is performed by usually sticking on said head pedestal 
the sheet metal (for example, stainless plate) with which the ink delivery was beforehand formed in the 
predetermined location. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in case a head pedestal is formed by said wet 
etching, when an etching solution contacts said PZT component, there is a problem that the PZT 
component concerned exfoliates or damage arises. When a single crystal silicon substrate is specifically 
etched, using an alkali water solution as an etching reagent so that even a diaphragm may reach, it is the 
terminal point of etching, and this alkali water solution or an etching resultant penetrates a diaphragm, 
and there is a problem of giving a damage to a PZT component. 

[0006] Moreover, the approach of forming a nozzle plate by sticking on said head pedestal the sheet 
metal with which the ink delivery was beforehand formed in the predetermined location has a 
complicated assembly, and has the problem that it is difficult to mass-produce. 
[0007] This invention aims at offering the ink jet type recording head which can carry out the 
regurgitation of the ink in large quantities at high speed while it makes it a technical problem to solve 
such a conventional trouble and is equipped with a reliable piezo electric crystal component. Moreover, 
it has a reliable piezo electric crystal component, and aims at offering the ink jet type recording head 
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which carries out the regurgitation of a slight quantity of the ink to a high speed, and its manufacture 
approach. Moreover, it aims at offering the manufacture approach of the ink head type recording head 
which can carry out the regurgitation of the ink in large quantities at high speed, without having a bad 
influence on a piezo electric crystal component. Furthermore, a nozzle plate can be formed easily and it 
aims at offering the manufacture approach of the ink head type recording head which can be mass- 
produced. 

[0008] As this invention performs wet etching which affects a component to the optimal timing on ink 
jet type recording head manufacture, it aims at offering the approach that an ink jet type recording head 
equipped with a reliable piezoelectric device can be manufactured further again. 
[0009] 

[Means for Solving the Problem] The piezo electric crystal component by which this invention was 
formed in the 1st field of a single crystal silicon substrate in order to attain this purpose, Said piezo 
electric crystal component of said single crystal silicon substrate, and the ink cavity formed in the 
corresponding location, The nozzle plate with which the nozzle orifice which carries out the 
regurgitation of the ink which was prepared in the 2nd field located in the opposite side of the 1st field 
of said single crystal silicon substrate, and was held in said ink cavity was formed, it is a******** ink 
jet type recording head. Said ink cavity The ink jet type recording head in which it is formed in even 
near said 2nd field to the 1st field of anisotropy wet etching, and anisotropy dry etching comes to form 
near [ from ] said 1st field to the 1st field is offered. The dependability of a piezo electric crystal 
component can be improved by making an ink jet type recording head such a configuration. 
[0010] Moreover, with constituting the side attachment wall currently formed in the field from [ near 
said 1st field of said ink cavity ] to the 1st field from a taper which turns and inclines to the outside of 
the ink cavity concerned, although the compliance of the wall of an ink cavity hardly changes to the 
former in addition to said advantage, compliance of the piezo electric crystal component which serves as 
the diaphragm can be enlarged. Therefore, the large amount of displacement of a piezo electric crystal 
component can be taken, and the regurgitation of the ink can be carried out in large quantities at high 
speed. 

[001 1] If constituted from a taper which turns the side attachment wall currently formed in the field 
from [ near said 1st field of said ink cavity ] to the 1st field inside the ink cavity concerned, and inclines 
on the other hand, in addition to said advantage, it will be large in the inertance of the ink held in the ink 
cavity, and compliance of a piezo electric crystal component can be further made small. Therefore, even 
if the amount of displacement of a piezo electric crystal component is small, the regurgitation of the very 
small ink can be carried out very much to a high speed. For this reason, a high definition print higher- 
density than before is realizable. 

[0012] Moreover, said 2nd field is crystal orientation (110), and an alkali water solution can be used for 
it as an etching reagent of said anisotropy wet etching. 

[0013] Or said 2nd field is crystal orientation (100), and an alkali water solution can be used for it as an 
etching reagent of said anisotropy wet etching again. In addition, in this specification, an inclined plane 
shall include with a "taper" what has a curved surface. 

[0014] Moreover, the piezo electric crystal component by which this invention was formed in the 1st 
field of a single crystal silicon substrate, Said piezo electric crystal component of said single crystal 
silicon substrate, and the ink cavity formed in the corresponding location, The nozzle plate with which 
the nozzle orifice which carries out the regurgitation of the ink which was prepared in the 2nd field 
located in the opposite side of the 1st field of said single crystal silicon substrate, and was held in said 
ink cavity was formed, It is a ******** ink jet type recording head, and said ink cavity offers the ink jet 
type recording head which the side attachment wall currently formed in the field from [ near said 1st 
field ] to the 1st field becomes from the taper which inclines towards the outside of the ink cavity 
concerned. 

[0015] And the piezo electric crystal component by which this invention was formed in the 1st field of a 
single crystal silicon substrate again, Said piezo electric crystal component of said single crystal silicon 
substrate, and the ink cavity formed in the corresponding location, The nozzle plate with which the 
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nozzle orifice which carries out the regurgitation of the ink which was prepared in the 2nd field located 
in the opposite side of the 1st field of said single crystal silicon substrate, and was held in said ink cavity 
was formed, it is a******** ink jet type recording head, and said ink cavity offers the ink jet type 
recording head which the side attachment wall currently formed in the field from [ near said 1 st field ] to 
the 1st field becomes from the taper which inclines towards the inside of the ink cavity concerned. 
[0016] Moreover, the piezo electric crystal component by which this invention was formed in the 1st 
field of a single crystal silicon substrate, Said piezo electric crystal component of said single crystal 
silicon substrate, and the ink cavity formed in the corresponding location, The nozzle plate with which 
the nozzle orifice which carries out the regurgitation of the ink which was prepared in the 2nd field 
located in the opposite side of the 1st field of said single crystal silicon substrate, and was held in said 
ink cavity was formed, The process which is the manufacture approach of a******** ink jet type 
recording head, and forms a piezo electric crystal component on a single crystal silicon substrate, The 
process which performs anisotropy dry etching alternatively continuously and forms an ink cavity after 
performing anisotropy wet etching in said piezo electric crystal component of said single crystal silicon 
substrate, and a corresponding location alternatively, ******** - the manufacture approach of an ink jet 
type recording head is offered. By this manufacture approach, the ink jet type recording head which can 
carry out the regurgitation of the ink at high speed can be obtained, without causing trouble to a piezo 
electric crystal component. 

[0017] Moreover, the process to which this invention performs anisotropy wet etching to the ink cavity 
formation field of said single crystal silicon substrate alternatively to the predetermined depth, Said ink 
cavity after said anisotropy wet etching and on said single crystal silicon substrate, and the process 
which forms a piezo electric crystal component in a corresponding location, Anisotropy dry etching is 
alternatively performed to the ink cavity formation field of said single crystal silicon substrate after said 
piezo electric crystal component formation, and the manufacture approach of the ink jet type recording 
head which comes to have the process which forms an ink cavity is offered. By this manufacture 
approach, anisotropy wet etching can be performed to the single crystal silicon substrate before a piezo 
electric crystal component is formed. Therefore, a piezo electric crystal component does not receive 
damage during this anisotropy wet etching. Moreover, it is not necessary to form the protective coat to 
anisotropy wet etching in a piezo electric crystal component. For this reason, a production process can 
be simplified while the dependability of a piezo electric crystal component improves. 
[0018] Said anisotropy wet etching is performed in the field of a up to near said 2nd field to the 1st field, 
and it is suitable for said anisotropy dry etching to carry out in the field from [ near said 1st field ] to the 
1st field. 

[0019] And said anisotropy wet etching can be performed again, using an alkali water solution as an 
etching reagent while carrying out from the crystal orientation (110) side of said single crystal silicon 
substrate. 

[0020] Or said anisotropy wet etching can be performed again, using an alkali water solution as an 
etching reagent while carrying out from the crystal orientation (100) side of said single crystal silicon 
substrate. 

[0021] Moreover, the process with which said manufacture approach fills up amorphous silicon in an 
ink cavity, The process which carries out flattening of the field by the side of the 2nd [ of the amorphous 
silicon concerned with which it filled up / said ] field, The process which carries out penetration 
formation of two or more holes at the process which forms the film for nozzle plate formation on the 
field concerned by which flattening was carried out, and the film for nozzle plate formation formed on 
said amorphous silicon, the process which removes said amorphous silicon through said hole, and the 
hole which serves as said nozzle orifice after removing the amorphous silicon concerned — it can have 
further the process which closes the hole of an except. In addition to said advantage, by this, a nozzle 
plate can be formed easily. 

[0022] The piezo electric crystal component by which this invention was formed in the 1st field of a 
single crystal silicon substrate further again, Said piezo electric crystal component of said single crystal 
silicon substrate, and the ink cavity formed in the corresponding location, The nozzle plate with which 
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the nozzle orifice which carries out the regurgitation of the ink which was prepared in the 2nd field 
located in the opposite side of the 1st field of said single crystal silicon substrate, and was held in said 
ink cavity was formed, The process which is the manufacture approach of a ******** ink jet type 
recording head, and forms a piezo electric crystal component on a single crystal silicon substrate, Said 
piezo electric crystal component of said single crystal silicon substrate, and the process which forms an 
ink cavity in a corresponding location, The process filled up with amorphous silicon in said ink cavity, 
and the process which carries out flattening of the field by the side of the 2nd [ of the amorphous silicon 
concerned with which it filled up / said ] field, The process which carries out penetration formation of 
two or more holes at the process which forms the film for nozzle plate formation on the field concerned 
by which flattening was carried out, and the part formed on the amorphous silicon of the film for said 
nozzle plate formation, the process which removes said amorphous silicon through said hole, and the 
hole which serves as said nozzle orifice after removing the amorphous silicon concerned — the 
manufacture approach of the ink jet type recording head equipped with the process which closes the hole 
of an except is offered. By this, a nozzle plate can be formed easily. 

[0023] Furthermore, this invention offers the manufacture approach of an ink jet recording head of 
having adjusted the timing which introduces said wet etching to the optimal thing on the production 
process of a piezo electric crystal thin film. 
[0024] 

[Embodiment of the Invention] Next, the ink jet type recording head concerning the gestalt of operation 
of this invention is explained with reference to a drawing. 

[0025] (Gestalt 1 of operation) The sectional view showing a part of ink jet type recording head which 
drawing 1 requires for the gestalt of operation of this invention, and drawing 2 are the process sectional 
views showing the production process of the ink jet type recording head shown in drawing 1 . 
[0026] the silicon oxide 2 which is a diaphragm, and the platinum film 3 which is the bottom electrode 
which serves both as the diaphragm are formed in the 1st field of the single crystal silicon substrate 1, 
and the ink jet type recording heads concerning the gestalt 1 of operation are the PZT film 4 and an 
upper electrode to the predetermined field on this platinum film 3 (piezo electric crystal component 
formation field), as shown in drawing 1 — platinum film 5 drawing formation is carried out. 
Furthermore, the ink cavity 20 is formed in the part corresponding to the field in which the PZT film 4 
of the single-crystal-silicon film 1 is formed. On the other hand, the nozzle plate 10 with which nozzle 
orifice 1 lb which carries out the regurgitation of the ink held in the ink cavity 20 was formed is formed 
in the 1st field of the single crystal silicon substrate 1, and the 2nd field of the opposite side. 
[0027] It is the method (1 10) of a field of said single crystal silicon substrate (100) so that the wall of an 
ink cavity may tend to be formed of the wet etching using an alkali water solution in general 
perpendicularly to the principal plane of a silicon substrate. This invention can be used also in which 
field bearing. 

[0028] the ink cavity 20 is formed even near the 2nd field to the 1st field of the single crystal silicon 
substrate 1 by anisotropy wet etching - having --**** — this part - the 1st field of the single crystal 
silicon substrate 1 ~ receiving ~ abbreviation — it consists of perpendicular side attachment walls 7. 
Moreover, near [ from ] the 1st field of the single crystal silicon substrate 1 to the 1st field is formed of 
anisotropy dry etching, and this part consists of taper-like side attachment walls 8 which incline towards 
the outside of the ink cavity 20. 

[0029] Although the compliance of the side attachment walls 7 and 8 of the ink cavity 20 hardly changes 
to it of the conventional ink jet type recording head, since the ink jet type recording head equipped with 
this configuration can enlarge compliance of silicon oxide 2 and the platinum film 3, the large amount of 
displacement of a diaphragm can be taken. Therefore, it is a high speed and the regurgitation of the ink 
held in the ink cavity 20 can be carried out in large quantities. Moreover, since the side attachment wall 
8 has taper structure, it can also prevent that distortion arises in the single crystal silicon substrate 1 . 
Moreover, since near [ from ] said 1st field of the ink cavity 20 to the 1st field is formed of anisotropy 
dry etching, in case etching formation of the ink cavity 20 is carried out, the PZT film 4 and the 
platinum film 3 can prevent being invaded by an etching reagent and the etching resultant before and 
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behind an etching terminal point. Therefore, dependability can also be improved. 

[0030] Next, the manufacture approach of the ink jet type recording head shown in drawing 1 is 

explained with reference to drawing 2 . 

[0031] At the process shown in drawing 2 (1), thickness forms the silicon oxide 2 which is about 1.0-2.0 
micrometers by the oxidizing [ thermally ] method, for example all over the single crystal silicon 
substrate 1 with a thickness of 200 micrometers. Next, thickness forms the platinum film 3 which is 
about 0.2-1.0 micrometers in the 1st field of the single crystal silicon substrate 1 in which silicon oxide 
2 was formed by the spatter. Subsequently, thickness forms the PZT film 4 which is about 0.5-5.0 
micrometers by the sol-gel method or the spatter on this platinum film 3. Next, thickness forms the 
platinum film 5 which is about 0.05-0.2 micrometers by the spatter on this PZT film 4. Then, the resist 
film which is not illustrated is formed in the piezo electric crystal component formation field on the 
platinum film 5, and it etches by using this resist film as a mask. 

[0032] Next, at the process shown in drawing 2 (2), it is on the silicon oxide 2 formed in the 1st field of 
the single crystal silicon substrate 1 obtained at the process shown in drawing 2 (1), and the 2nd field 
located in the opposite side, and the resist film 6 is formed in parts other than the field in which the PZT 
film 4 was formed. Subsequently, wet etching of the silicon oxide 2 is carried out by using this resist 
film 6 as a mask. 

[0033] Next, at the process shown in drawin g 2 (3), anisotropic etching of the single crystal silicon 
substrate 1 is carried out by using as a mask the silicon oxide 2 by which carried out exfoliation removal 
of the resist film 6 formed at the process shown in drawing 2 (2), and patterning was subsequently 
carried out with the above. First, this anisotropy wet etching carries out etching removal of the single 
crystal silicon substrate 1 , using a potassium hydroxide (KOH) as a solute of an etching reagent, after 
carrying out etching removal of the silicon oxide 2 as an etching reagent using a fluoric acid system 
solution. In addition, the gestalt of this operation performed etching of this single-crystal-silicon film 1 
by Mr. about 180-190-micrometer Fukashi. the field which serves as the ink cavity 20 of the single 
crystal silicon substrate 1 according to this process ~ said 1st field — receiving — abbreviation — the 
perpendicular side attachment wall 7 was formed. 

[0034] Subsequently, at the process shown in drawing 2 (4), the anisotropy wet etching performed at the 
process shown in drawing 2 (3) is changed to anisotropy dry etching, and the single crystal silicon 
substrate 1 is etched further. This anisotropy dry etching as etching gas 6 sulfur-fluoride gas, Or the 
organic gas containing a fluorine element or the mixed gas of the organic substance containing 6 sulfur 
fluorides and a fluorine element is used. Reaction pressure and the mixed rate of said mixed gas were 
suitably adjusted so that the side attachment wall of the ink cavity 20 after etching might become the 
target configuration, and it carried out until substrate temperature is exposed at a room temperature with 
the energy of the RF outputs 100W-2000W and silicon oxide 2 was exposed on the conditions for 5-30 
minutes. By this anisotropy dry etching, the taper-like side attachment wall 8 which inclines towards the 
outside of the ink cavity 20 between a side attachment wall 7 and silicon oxide 2 was formed. 
[0035] Thus, the ink cavity 20 of a configuration of having mentioned above was formed according to 
the process shown in drawing 2 (3) and (4). With the gestalt of this operation, since the ink cavity 20 is 
formed with the combination of anisotropy wet etching and anisotropy dry etching, the platinum film 3 
and the PZT film 4 can prevent being invaded by an etching reagent and the etching resultant in the case 
of this process. 

[0036] Next, amorphous (amorphous) silicon 9 is filled up with the process shown in drawing 2 (5) by 
the plasma-CVD method in the ink cavity 20. Subsequently, flattening of the silicon oxide 2 currently 
formed in the 2nd field of the single crystal silicon substrate 1 and the amorphous silicon 9 is carried 
out. Next, thickness forms the metal membrane 10 which is about 1.0-5.0 micrometers by the spatter as 
film for nozzle plate formation on the silicon oxide 2 by which flattening was carried out, and 
amorphous silicon 9. In addition, with the gestalt of this operation, the metal membrane 1 0 which 
consists of nickel was formed. Subsequently, the part currently formed on the amorphous silicon 9 of a 
metal membrane 10 is etched alternatively, and opening of two or more holes 1 la-1 lc is carried out. In 
addition, these holes 1 la-1 lc were formed so that the hole used as a nozzle orifice might be contained in 
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these. 

[0037] Next, at the process shown in drawing 2 (6), etching removal of the amorphous silicon 9 is 
carried out through the holes 1 la-1 lc formed at the process shown in drawing 2 (5). This etching was 
performed using the gas containing a fluorine, subsequently, the hole which serves as a nozzle orifice 
among Holes 1 la-1 lc after this etching is completed — it is closed down except 1 lb. Then, the desired 
process was performed and the ink jet type recording head of the structure shown in drawing 1 was 
manufactured. 

[0038] In addition, with the gestalt of this operation, although thickness of the single crystal silicon 
substrate 1 was set to about 200 micrometers, the thickness of not only this but the single crystal silicon 
substrate 1 may be determined as arbitration with the size of an ink jet type recording head to 
manufacture etc. Moreover, the thickness of silicon oxide 2, the platinum film 3 and 5, the PZT film 4, 
and a metal membrane 10 may be similarly determined as arbitration. 

[0039] Moreover, what is necessary is just to perform not only this but anisotropy wet etching in the 
completed ink jet type recording head until the air bubbles generated in the ink held in the ink cavity 20 
serve as the depth which can be discharged smoothly although the gestalt of this operation explained the 
case where anisotropy wet etching was performed to the single crystal silicon substrate 1 to a depth of 
about 180-190 micrometers. 

[0040] Moreover, although the gestalt of this operation explained the case where the film which consists 
of platinum as a bottom electrode was used, conductive film, such as an alloy of not only this but 
iridium, palladium or iridium, and platinum and a cascade screen of iridium and palladium, can be used. 
Furthermore, with the gestalt of this operation, although the case where the film which consists of 
platinum as an upper electrode was used was explained, conductive film, such as an alloy not only with 
this but aluminum, and silicon, copper and aluminum 2 UMU, chromium, a tungsten, and indium- 
stannic-acid-ized film, can be used. 

[0041] And with the gestalt of this operation, as a metal membrane 10 which constitutes a nozzle plate, 
although the case where nickel was used was explained, not only this but duralumin, stainless steel, etc. 
may be used, and it may replace with a metal plate and a silicon wafer ceramics, such as a zirconia, or 
with the thermal oxidation film may be used again. 

[0042] Although the case where it was filled up with amorphous silicon 9 in the ink cavity 20 was 
explained, not only this but in the ink cavity 20, an etching rate can fill up the quick matter with the 
gestalt of this operation in a predetermined etching reagent further again to the silicon oxide by the 
thermal oxidation which does not contain single crystal silicon and an impurity, a nozzle plate, a device 
protective coat, etc. When an etching reagent is fluoric acid, specifically, it can be filled up with PSG 
(silicon oxide containing ****), the silicon oxide by the plasma-CVD method, etc. Moreover, when an 
etching reagent is a xylene, it can be filled up with NEGAREJISUTO, and it can be filled up with 
POJIREJISUTO when an etching reagent is an acetone. 

[0043] Moreover, the process shown in drawing 2 (5) and drawing 2 (6) which were performed with the 
gestalt of this operation of the ability to apply also to the head pedestal equipped with the ink cavity of 
other structures and the conventional structure, i.e., the production process of a nozzle plate, is natural. 
[0044] (Gestalt 2 of operation) Next, the ink jet type recording head concerning the gestalt 2 of 
operation of this invention is explained with reference to drawing 3 and drawing 4 . In addition, with the 
gestalt of this operation, about the same structure as the ink jet type recording head explained with the 
gestalt 1 of operation, the same agreement is attached and the detailed explanation is omitted. 
[0045] The sectional view showing a part of ink jet type recording head which drawing 3 requires for the 
gestalt 2 of operation of this invention, and drawing 4 are the process sectional views showing the 
production process of the ink jet type recording head shown in drawing 3 . 

[0046] The difference on the structure of the ink jet type recording head shown in drawing 3 and the ink 
jet type recording head (refer to drawing 1 ) concerning the gestalt 1 of operation is the side-attachment- 
wall structure of an ink cavity, the cavity 30 of the ink jet type recording head concerning the gestalt 2 
of operation is formed even near the 2nd field to the 1st field of the single crystal silicon substrate 1 by 
anisotropy wet etching « having — ****-- this part - the 1st field of the single crystal silicon substrate 
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1 - receiving - abbreviation - it consists of perpendicular side attachment walls 7. Moreover, near 
[ from ] the 1st field of the single crystal silicon substrate 1 to the 1st field is formed of anisotropy dry 
etching, and this part consists of taper-like side attachment walls 1 8 which incline towards the inside of 
the ink cavity 30. 

[0047] The ink jet type recording head equipped with this configuration is large in the inertance of the 
ink held in the ink cavity 30, and can make small further compliance of silicon oxide 2 and the platinum 
film 3. Therefore, the regurgitation of the very small ink can be carried out to a high speed. 
Consequently, a high definition print higher-density than the conventional ink jet type recording head is 
realizable. Therefore, even if the amount of displacement of the PZT film 4 is small, the regurgitation of 
the ink can fully be carried out. Moreover, since near [ from ] said 1st field of the ink cavity 30 to the 1st 
field is formed of anisotropy dry etching, in case etching formation of the ink cavity 30 is carried out, 
the platinum film 3 and the PZT film 4 can prevent being invaded by an etching reagent and the etching 
resultant. Therefore, dependability can also be improved. 

[0048] Next, the manufacture approach of the ink jet type recording head shown in drawing 3 is 
explained with reference to drawing 4 . In addition, with the gestalt of this operation, that detailed 
explanation is omitted with reference to drawing 2 about the same process as the manufacture approach 
explained with the gestalt 1 of operation. 

[0049] First, after performing the process shown in drawing 2 (1) - drawing 2 (3), and the same process, 
the process shown in drawing 4 is performed. 

[0050] At the process shown in drawing 4 , the anisotropy wet etching performed at the process shown 
in drawing 2 (3) is changed to anisotropy dry etching, and the single crystal silicon substrate 1 is etched 
further. This anisotropy dry etching as etching gas 6 sulfur-fluoride gas, Or the organic gas containing a 
fluorine element or the mixed gas of the organic substance containing 6 sulfur fluorides and a fluorine 
element is used. Reaction pressure and the mixed rate of said gas were suitably adjusted so that the side 
attachment wall of the ink cavity 20 after etching might become the target configuration, and it carried 
out until substrate temperature is exposed at a room temperature with the energy of the RF outputs 
100W-2000W and silicon oxide 2 was exposed on the conditions for 5-30 minutes. By this anisotropy 
dry etching, the taper-like side attachment wall 18 which inclines towards the inside of the ink cavity 30 
between a side attachment wall 7 and silicon oxide 2 was formed. 

[0051] Thus, the ink cavity 30 of a configuration of having mentioned above was formed according to 
the process shown in drawing 2 (1) - drawing 2 (3), and drawing 4 . With the gestalt of this operation, 
since the ink cavity 30 is formed with the combination of anisotropy wet etching and anisotropy dry 
etching, it can prevent that the platinum film 3 and the PZT film 4 are invaded by an etching reagent and 
the etching resultant in the case of this process. 

[0052] Next, the process shown in drawing 2 (5) and drawing 2 (6) and the same process were 
performed one by one, and the ink jet type recording head of the structure shown in drawing 3 was 
manufactured. 

[0053] (Gestalt 3 of operation) Next, the ink jet type recording head concerning the gestalt 3 of 
operation of this invention is explained with reference to drawing 5 and drawing 6 . In addition, with the 
gestalt of this operation, about the same structure as the ink jet type recording head explained with the 
gestalt 1 of operation, the same agreement is attached and the detailed explanation is omitted. 
[0054] The sectional view showing a part of ink jet type recording head which drawing 5 requires for the 
gestalt 3 of operation of this invention, and drawing 6 are the process sectional views showing the 
production process of the ink jet type recording head shown in drawing 5 . 

[0055] The difference on the structure of the ink jet type recording head shown in drawing 5 and the ink 
jet type recording head (refer to drawing 1 ) concerning the gestalt 1 of operation is the side-attachment- 
wall structure of an ink cavity, the cavity 40 of the ink jet type recording head concerning the gestalt 3 
of operation is formed even near the 2nd field to the 1st field of the single crystal silicon substrate 1 by 
anisotropy wet etching — having — **** — this part ~ the 1st field of the single crystal silicon substrate 
1 ~ receiving — abbreviation it consists of perpendicular side attachment walls 7. moreover, near 
[ from ] the 1st field of the single crystal silicon substrate 1 to the 1st field forms by anisotropy dry 
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etching — having --****-- this part ~ the 1st field of the single crystal silicon substrate 1 — receiving - 
abbreviation — it consists of perpendicular side attachment walls 17. 

[0056] Since near [ from ] said 1st field of the ink cavity 40 to the 1st field is formed of anisotropy dry 
etching, in case the ink jet type recording head equipped with this structure carries out etching formation 
of the ink cavity 40, it can prevent that the PZT film 4 is invaded by the etching reagent. Therefore, 
dependability can be improved. 

[0057] Next, the manufacture approach of the ink jet type recording head shown in drawing 5 is 
explained with reference to drawing 6 . In addition, with the gestalt of this operation, that detailed 
explanation is omitted with reference to drawing 2 about the same process as the manufacture approach 
explained with the gestalt 1 of operation. 

[0058] First, after performing the process shown in drawing 2 (1) - drawing 2 (3), and the same process, 
the process shown in drawing 6 is performed. 

[0059] At the process shown in drawing 6 , the anisotropy wet etching performed at the process shown 
in drawing 2 (3) is changed to anisotropy dry etching, and the single crystal silicon substrate 1 is etched 
further. This anisotropy dry etching as etching gas 6 sulfur-fluoride gas, Or the organic gas containing a 
fluorine element or the mixed gas of the organic substance containing 6 sulfur fluorides and a fluorine 
element is used. Reaction pressure and the mixed rate of said mixed gas were suitably adjusted so that 
the side attachment wall of the ink cavity 20 after etching might become the target configuration, and it 
carried out until substrate temperature is exposed at a room temperature with the energy of the RF 
outputs 100W-2000W and silicon oxide 2 was exposed on the conditions for 5 - 30 minutes. By this 
anisotropy dry etching, the side attachment wall 7 and the same perpendicular side attachment wall 17 
were formed between a side attachment wall 7 and silicon oxide 2. 

[0060] Thus, the ink cavity 40 of a configuration of having mentioned above was formed according to 
the process shown in drawing 2 (1) - drawing 2 (3), and drawin g 4 . With the gestalt of this operation, 
since the ink cavity 40 is formed with the combination of anisotropy wet etching and anisotropy dry 
etching, it can prevent that the platinum film 3 and the PZT film 4 are invaded by an etching reagent and 
the etching resultant in the case of this process. 

[0061] Next, the process shown in drawing 2 (5) and drawing 2 (6) and the same process were 
performed one by one, and the ink jet type recording head of the structure shown in drawing 5 was 
manufactured. 

[0062] (Gestalt 4 of operation) Next, the ink jet type recording head concerning the gestalt 4 of 
operation of this invention is explained with reference to drawing 7 . 

[0063] The gestalt of this operation explains how to manufacture the ink jet type recording head of 
structure explained with the gestalt 1 of operation by other approaches. In addition, the detailed 
explanation is omitted about the same process as the gestalt 1 of operation. 
[0064] Drawing 7 is the process sectional view showing the production process of the ink jet type 
recording head concerning the gestalt 4 of operation. 

[0065] First, at the process shown in drawing 7 (1), silicon oxide 2 is formed all over the single crystal 
silicon substrate 1 by the same approach as the gestalt 1 of operation. Next, the resist film 6 is formed in 
addition to the field used as the ink cavity 20 on the silicon oxide 2 formed in the 2nd field of the single 
crystal silicon substrate 1 . Subsequently, wet etching of the silicon oxide 2 is carried out by using this 
resist film 6 as a mask. 

[0066] Next, in the process shown in drawing 7 (2), after carrying out exfoliation removal of the resist 
film 6, anisotropic etching of the single crystal silicon substrate 1 is carried out on the same conditions 
as the gestalt 1 of operation by using as a mask the silicon oxide 2 in which patterning was carried out 
by said wet etching, thus, the field used as the ink cavity 20 of the single crystal silicon substrate 1 - 
said 1st field — receiving — abbreviation — the perpendicular side attachment wall 7 is formed. 
[0067] As for anisotropic etching [ here as opposed to said single crystal silicon substrate 1 ], a piezo 
electric crystal component is performed in the condition of not being formed. Therefore, a piezo electric 
crystal component does not receive damage during this anisotropy wet etching. Moreover, it is not 
necessary to form the protective coat to anisotropy wet etching in a piezo electric crystal component. For 
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this reason, a production process can be simplified while the dependability of a piezo electric crystal 
component improves. 

[0068] Next, the piezo electric crystal component which consists of the platinum film 3, PZT film 4, and 
platinum film 5 is formed in the 1st field of the single crystal silicon substrate 1 in which silicon oxide 2 
was formed on the same conditions as the gestalt 1 of operation. 

[0069] Subsequently, at the process shown in drawing 7 (3), the same conditions as an example 1 
perform anisotropy dry etching to the single crystal silicon substrate 1 by using as a mask the silicon 
oxide 2 which carried out patterning at the process shown in drawing 7 (1). Thus, the single crystal 
silicon substrate 1 was etched still more deeply from the halt location of the anisotropy wet etching 
performed at the process shown in drawin g 7 (2), and the taper-like side attachment wall 8 which 
inclines towards the outside of the ink cavity 20 between a side attachment wall 7 and silicon oxide 2 
was formed. 

[0070] Then, the process shown in drawing 2 (5) and drawing 2 (6) which were explained with the 
gestalt 1 of operation was performed, and the ink jet type recording head of the structure shown in 
drawing 1 was manufactured. 

[0071] (Gestalt 5 of operation) The 5th operation gestalt is explained based on drawing 8 R> 8 below. In 
addition, in the operation gestalt explained after this, the ink jet type recording head is illustrated as a 
sectional view which cut the recording head of drawing 1 by the perpendicular cutting plane toward 
space. 

[0072] It is the modification of the process of drawing 7 which is shown in drawing 8 . In the process of 
(1), silicon oxide 2 is formed on a silicon substrate 1. In the process of (2), patterning of the silicon 
oxide of the 2nd field of a silicon wafer is carried out. At the process of (3), from the opening 21 of the 
diacid-ized silicon in the 2nd field of a silicon wafer 1, silicon is etched by the anisotropy wet etching 
method, and half etching for forming the ink cavity 20 in the single crystal silicon substrate 1 is 
performed. 

[0073] At the process of (4), the laminating of the lower electrode layer 3, the PZT film 4, and the up 
electrode layer 5 is carried out to the 1st field of a silicon substrate 1 one by one. Furthermore, in the 
process of (5), a resist 80 is formed in the 1st field of a silicon substrate, and the up electrode layer 5 and 
the PZT film 4 are etched in the process of (6). 

[0074] At the process of (7), this resist 80 is exfoliated and the resist mask 82 for lower electrode 
etching is formed in the process of (8). Subsequently, patterning of the lower electrode is etched and 
carried out in the process of (9). 

[0075] Furthermore, in the process of (10), a resist 82 is made to exfoliate, and an interlay er insulation 
film 84 is formed at the process of (1 1), and the wiring 86 to an up electrode is formed. Subsequently, in 
the process of (12), the single crystal silicon which remains in the ink cavity 20 by anisotropy dry 
etching is etched to the silicon oxide 2 by the side of a component. The ink jet record type head as a 
modification of drawing 7 is completed by the above. 

[0076] In this process of a series of, after forming silicon oxide, wet etching is carried out, and dry 
etching is performed at the last of a process. Although anisotropy wet etching needs to form an alkali- 
proof protective coat in a component side at the time of etching since it is strong-base nature water 
solutions, such as KOH, it can form a reliable actuator and an ink jet printer head easily at a process 
here, without needing a protective coat, since wet etching is performed in the condition that PZT etc. is 
not formed. 

[0077] (6th operation gestalt) The process concerning this operation gestalt is explained based on 
drawing 9 . In the process of (1), silicon oxide 2 is formed on the single crystal silicon substrate 1. The 
lower electrode layer 3 is formed in the 1st field of a silicon substrate 1 in the process of (2). 
Furthermore, opening is formed in the silicon oxide 2 of the 2nd field of a silicon substrate 1 . 
[0078] Subsequently, in the process of (3), a protective coat 90 is formed on the lower electrode 3. In the 
process of (4), half etching of the silicon is carried out by the anisotropy wet etching method from the 
2nd page of a silicon substrate. Subsequently, said protective coat 90 is removed in the process of (5). 
Subsequently, in a process (6), the PZT film 4 and the up electrode layer 5 are formed. Future processes 
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follow (5) of drawing 7 . 

[0079] With this operation gestalt, after the lower electrode layer 3 is formed, half etching of the silicon 
oxide was carried out by the anisotropy wet etching method, and dry etching is given to the last of a 
wafer process. Since the lower electrode 3 is formed from Pt or Ir even if the etching-proof nature of the 
etching protective coat 90 is not perfect and there is a pinhole, since wet etching is performed in the 
phase where the piezo electric crystal thin film is not formed according to this process, damage does not 
occur in a lower electrode. Furthermore, it is also possible to omit protective coat 90 itself. Therefore, a 
reliable actuator and an ink jet printer head can be formed easily. 

[0080] Moreover, in the process here, the silicon oxide in the 1st field of a silicon substrate is protected 
by the lower electrode 3 in the case of etching of the silicon oxide in the 2nd field of the silicon substrate 
1 in the process of (2). Therefore, it becomes possible to prevent that the thickness of silicon oxide is 
spoiled as much as possible, and to prevent changing the oscillation characteristic of the silicon oxide as 
a diaphragm. 

[0081] (7th operation gestalt) This operation gestalt is explained based on drawing 10 . With this 
operation gestalt, silicon oxide 2 is formed on a silicon substrate 1 in the process of (1). At the process 
of (2), the lower electrode layer 3 and the PZT film 4 are formed on silicon oxide 2. Opening 21 is 
formed in the silicon oxide 2 by the side of the 2nd [ of a silicon substrate ] field in the process of (3). 
[0082] In the process of (4), a protective coat 90 is formed on the PZT film 4. At the process of (5), half 
etching is performed to a 2nd [ of a silicon substrate 1 ] field side by anisotropy wet etching. 
Subsequently, said protective coat 90 is exfoliated in the process of (6). Future processes follow the 
same process as (5) or subsequent ones of drawing 8 , after forming the up electrode layer 5. 
[0083] In a process here, after forming the piezo electric crystal thin film 4, half etching (etch to the 
middle of an etched layer.) of the silicon was carried out by the wet etching method, dry etching is given 
to the last of a process, but since it is the wet etching in the phase where the photolithography process is 
not performed to a component side yet, there is no contamination of a foreign matter etc. on a wafer, and 
the etching protective coat 90 does not have the defect of a pinhole etc. Therefore, it becomes possible 
for there to be no damage in a piezo electric crystal thin film, and to form an ink room cavity. 
[0084] (8th operation gestalt) With this operation gestalt, as it is in the process of (1) of drawing 1111 , 
sequential formation of silicon oxide 2, the lower electrode layer 3, the PZT thin film 4, and the up 
electrode layer 5 is carried out at a silicon wafer 1. Subsequently, opening 21 is formed in the silicon 
oxide 2 of the 2nd field of a silicon wafer in the process of (2). At the process of (3), half etching of the 
silicon is carried out from the opening 21 of silicon oxide. Henceforth, the process after (5) of drawin g 8 
is followed. 

[0085] At a series of processes here, after forming the up electrode layer 5, half etching of the silicon 
was carried out by the wet etching method, and dry etching is given to the last of a wafer process. 
According to this process, since the quality of the materials of an up electrode layer are noble metals, 
such as Pt and Ir, it prevents that an up electrode serves as a protective coat and damage occurs on the 
PZT film. 

[0086] (9th operation gestalt) This operation gestalt is explained based on drawing 12 . In the process of 
(1), sequential formation of silicon oxide 2, the lower electrode layer 3, the piezo electric crystal thin 
film 4, and the up electrode layer 5 is carried out on a silicon wafer 1 . At the process of (2), a resist 80 is 
formed in the 1st field and 2nd field of a silicon wafer, respectively. 

[0087] Subsequently, opening 21 is formed in the silicon oxide 2 of the 2nd field of a silicon substrate 1 
at the process of (3). Subsequently, in the process of (4), the up electrode layer 5 and the PZT thin film 4 
are etched. At the process of (5), exfoliation removal of the resist of both sides of a silicon substrate is 
carried out. The process of (6) forms a protective coat 90 in the 1st field of a silicon substrate. 
[0088] At the process of (7), opening is formed in the silicon oxide 2 in the 2nd field of a silicon 
substrate, and, subsequently half etching of the silicon is carried out by the anisotropy wet etching 
method. Subsequently, a protective coat 90 is removed at the process of (8). Henceforth, the process of 
(8) of drawing 8 is followed. 

[0089] At these processes, after parts with a main piezo electric crystal component are formed, silicon 
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was etched by the wet etching method and, finally dry etching is given. With this operation gestalt, since 
wet etching is performed before forming the interlayer insulation film by the organic thin film, the 
organic film can be selected as a protective coat 90. Since the organic film can be formed by easy 
approaches, such as spin coating, it leads to the simplification of a process. It becomes possible to form 
a reliable piezo electric crystal component, improving the yield, since a process can be simplified. 
[0090] (10th operation gestalt) Next, the 10th operation gestalt is explained using drawing 13 . The 
process of (1) - (5) of this operation gestalt is the same as it of drawing 12 . At the process of (6), it 
forms resist 80 according to the pattern of this electrode on the lower electrode layer 3. At the process of 

(7) , a resist 81 is used as a mask and patterning of the lower electrode layer 3 is carried out. A resist is 
exfoliated at the process of (8). At the process of (9), a protective coat 90 is formed in the electrode side 
of a silicon substrate, and silicon is etched by the anisotropy wet etching method from the opening 21 of 
the silicon oxide in a 2nd [ of a silicon substrate ] field side. A protective coat 90 is removed at the 
process of (10). 

[0091] At these processes, after etching the lower electrode layer 3, half etching of the silicon is carried 
out by the wet etching method. The following effectiveness will be acquired if it does in this way. 
[0092] Noble metals, such as Pt and Ir, are used for the ingredient of a lower electrode. Although the 
organic poly membrane of a fluororesin is used for an etching protective coat, this fluorine system 
organic poly membrane has low adhesion with Pt or Ir, and has the problem on which an etching 
protective coat exfoliates at the time of wet etching. However, since the silicon oxide film 2 is exposed 
after etching a lower electrode, the silicon oxide film and an etching protective coat stick more, and a 
protective coat does not exfoliate at a wet etching process. Therefore, it becomes possible to obtain a 
reliable piezo electric crystal thin film by the high yield. 

[0093] (1 1th operation gestalt) Next, the 1 1th operation gestalt is explained using drawing 14 . The 
process of (1) - (7) of drawing 14 is the same as the process of (1) - (8) of drawing 13 . At the process of 

(8) of drawing 14 , the interlayer insulation film 84 by the side of the piezo electric crystal component of 
a silicon substrate is formed. At the process of (9), the laminating of the protective coat is carried out 
further. (10) carries out half etching of the silicon from the opening 21 of silicon oxide by the anisotropy 
wet etching method. 

[0094] At the process of (1 1), a protective coat is removed and wiring which leads to the up electrode 5 
is formed. At the process of (12), it etches until the silicon oxide 2 in the 1st field exposes silicon by 
anisotropy dry etching. 

[0095] after forming an interlayer insulation film according to these processes — a wet etching process — 
carrying out — the last of a process — a dry etching process --****** — things can attain the following 
advantages. 

[0096] Since the lower electrode with which the etching protective coat and adhesion which are a 
fluorine system poly membrane consist of a low noble-metals ingredient is completely covered with the 
interlayer insulation film, adhesion is carrying out the laminating of the etching protective coat to the 
high interlayer insulation film as a result, without contacting a lower electrode. Therefore, the damage 
by the KOH water solution which is etching does not occur for a piezo electric crystal component at the 
time of wet etching. 

[0097] (12th operation gestalt) The following operation gestalt is further explained using drawing 15 . 
Since it is the same as the process of (1) - (8) of drawing 14 , the process before (1) of drawing 15 is 
skipped. At the process of (1), the wiring 86 which flows in the up electrode 5 is formed on an interlayer 
insulation film 84. At the process of (2), a protective coat 90 is formed further. At the process of (3), half 
etching of the silicon is carried out from opening of silicon oxide 2 by anisotropy wet etching. 
[0098] At the process of (4), exfoliation removal of the protective coat 90 is carried out. At the process 
of (5), the silicon of the opening remainder of silicon oxide is etched by anisotropy dry etching. In 
addition, the process of (4) and (5) may be replaced. 

[0099] Furthermore, as a final process, the environmental protection-proof film 150 is formed at a 
process (6), it carries out sticking a nozzle plate 160 on the ink cavity 20 side finally etc., and an ink jet 
type printer head is completed. 
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[0100] In this operation gestalt, the wet etching process was carried out after the **** process, and the 
dry etching process is given to the last of a wafer process. If a protective coat is exfoliated after a 
process (5), wet etching and dry etching will be carried out continuously. Therefore, if the thickness of a 
silicon wafer is about 200 micrometers, the depth of half etching of the mold cavity (or gouy 
AFURAMU) by wet etching is about 1 80 micrometers. The wafer of a half etching condition will be put 
to various contamination, if it lets the process of various membrane formation and photolithography 
pass. Foreign matters, such as a particle, cannot washing-removal-make it easily easy to collect on the 
mold cavity (or diaphragm) of a half etching condition. 

[0101] Then, if wet etching ** dry etching is continuously carried out like this operation gestalt, since 
contamination of a particle etc. will not go into a cavity (or diaphragm), it is very reliable and the high 
actuator of the yield and an ink jet printer head can be manufactured. 
[0102] 

[Effect of the Invention] As explained above, the ink jet type recording head concerning this invention 
has the structure which formed the part near the piezo electric crystal component of an ink cavity by 
anisotropy dry etching. Therefore, in case an ink cavity is formed, it can prevent having a bad influence 
on a piezo electric crystal component. Consequently, the ink jet type recording head equipped with the 
reliable piezo electric crystal component can be offered. 

[0103] By moreover, the thing for which the part near the piezo electric crystal component of said ink 
cavity is constituted from a taper which turns and inclines to the outside of the ink cavity concerned It 
adds to said effectiveness. The compliance of the wall of an ink cavity Since the large amount of 
displacement of a piezo electric crystal component can be taken as a result of being able to take the large 
compliance of****, silicon oxide, and a bottom electrode also from hardly changing to it of the 
conventional ink jet type recording head, either, the regurgitation of the ink can be carried out in large 
quantities at high speed. 

[0104] If constituted from a taper which turns the part near the piezo electric crystal component of said 
ink cavity inside the ink cavity concerned, and inclines on the other hand, in addition to said 
effectiveness, it is large in the inertance of the ink held in the ink cavity, and compliance of a diaphragm 
and a bottom electrode can be further made small. Therefore, even if the amount of displacement of a 
diaphragm is small, the regurgitation of the ink very smaller than before can be carried out to a high 
speed. Consequently, high density and a high definition print are realizable conventionally. 
[0105] And after performing anisotropy wet etching to a single crystal silicon substrate, a piezo electric 
crystal component is formed, and as a result of a piezo electric crystal component's not receiving 
damage by said anisotropy wet etching, the dependability of a piezo electric crystal component can be 
improved more again by forming an ink cavity by performing anisotropy dry etching after that. 
Moreover, it is not necessary to form the protective coat to anisotropy wet etching in a piezo electric 
crystal component, and a production process can be simplified. 

[0106] Moreover, since the ink jet type recording head concerning this invention forms the film for 
nozzle plate formation and forms a nozzle orifice in this, it can form a nozzle plate easily. Consequently, 
it can mass-produce easily and a cost cut can be aimed at. 



[Translation done.] 
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»SttF?-fx»f-y/tt, IWB»l<0ii<0)fiflf*»4>flS 
1 <0iB4 TOfflJ^-Cff a IS*3I8 2 9 IBiJcO 

CB«JB1 1 ] f)IBM^tt'7X7 M7fy/li b5 
IB*^A>'y3ya^^ B B B ^fi (110) iH*»4>tfd 
t i: t> K, x 7 f-y ^i: LT T;U^ y 
3 fg$3 8 =SrV \ Lit*^ 1 0 <n l vma^-ECiEKO 

y^^-x 7 h^E»^-y Y<mm&. 

40 [Hr^S 1 2 ] fjfBJI^tt^X -y hX yf- y^li. HU 

IB#^b b b ^ y 3 y£«<9*SA;fr{a ( 1 0 0 ) 
fcttlc, xy^-y^tLTT^yyK^^fflv^ 

a is*^ 8 =5:v > tmsm 1 0 co i ^*^-jatia«c7) 
>y*y?mizttix*v*y?u-him^iim£3m 

50 fcyx^*»jaffl^>ttt«Rw?L*jeKBi£"r*is 
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t. ffii&izfti'cmtfmzmt'rz xmt . mm 
mim 1 4 ] v a ya$om i comizmm 

k , ttiBttB AS' 'J 3 >-£«<t)3I 1 flffltfJRtffilfcfiBI 

fcJRSSWt-f y? fcttSrt-S/XrtJIPjWBJftSJifc 
y X/HSk . fc*£fc>f y 7 y'i •/ bxtfEIJK-y Vcom 

msmx-h x . m^> y a ya«Lt£E«frf^ t 

k . fflfE-f y?* + t'-f * rtfcjjfi&ox v^ymiztf 
tx^-yi-yyu-hfjm^mtr^m-ttxmk . i 

B^S*ife»R<D19!Eai2<OBIlWilI* 3 Fii^tr*I 

zmttzj y? is^-y bmm^'v vcomm-xm. 
[ sot 1 5 3 may y a yatsoits i cowiz , e 

«ttSH^»ri>fckUc. £tf>JEflM*Pk*H&*- 

B B B y n ya&oifl l ^BcoKttlKcftfi-f SSI 2 <?>ffi 
fc, milB^y^^ J rtr^l*I{:JR^§ii^^y^S-ttai 

>y h^fBfJ^'y HWUBEttrffiTftoT, WIBWSA^y 
a ymWLtlzimimTZB&L-f&tztbWT&n&ZB 

*i»rtW-*H»fc . ttlBWSfti' 'J a yfflROUKJE 
*^*k*tl&f 4{MfcJ*artt'>x.y hx^y/fc 
MWt'^o^fi M^ttK^-fx-yf-y^SlRW 
tffoTBulB'fy^^A'hr-f tBfct&JMk. £fit 
£T$rM y?y'x y hsSiEHK-y h'O^jt^rS. 

1 6 3 «!ETam£fflHB£fltl LfcftfT 

<T)A y? y'x y h^lEIJK-y H«186*S. 

1 7 3 W B y 'J a ya«<y)S& 1 mt. E 
kkifc. £tf>E«fls$?k*tt&*- 

saa^'fy^df-v'tr-fSr^u, ffta*^ 
B B B ^ u r? ya«^m 1 0M0>mfmtzwgtt&m 2 <o® 
k, friB'f y^^^tr-frttJR^sn^-fy^^ttitj 
■f *y X/HBP£#t § Jxm&B&t &4 v? y*x 
•yh^iEUKv H^Ke*j6"c*r>T, iiyfEmp B y y 

-tfmftztitimiz. friE^x -y h 
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x >y f-y^tH-*«aKS- firiey y 3 yaigom 1 m 
mizmm u *we, ^ w y y a vmsem ujmwm 

k\ KriE'fy^^^tT-f^js-ri.iSk. 

1 8 3 mimwmit. uriey y a ya«±t 
mztdzTmmksafck imsmzziuMz 
tix%&m%m 1 7sSM<d4 y? y'x >y h^iBUKy h 

10 C7)^jS^. 

[ mm 1 9 3 m^si^ y a y a«^m 1 ostc . e 

mmzjy?**t'T<&Bmi. zuz. mum 
y a y a^om 1 ?»DR*f iKc-eat & « 2 oh 
iiife-<y7=¥ j ftT^rt^itx§$tifc'f y^Srttjis 

-rs /xiiwiutttz sxivw&Bfcth 4 y? y*x 

•y h^lE^^-y H<0«a*a'C*->T. MIEE«(^^ 

Huisy y 3 ymumiUTmm^znmz&mzm 
t&vyj ^v+yT'zmmmzfTW mtAy?** 

t'-f -f ZBffrt&J y ^y'x -y h^lES^-y 

a. 

[ ii^js 203 #MB B H y y a y a«c7)S? 1 <»c . e 

* »flW"4 k k i , i (7)l±nim? k ttfct 

ay y 3 yaK^n 1 nwommizmrr&m 2 <jdb 
•ri. ;x)vm&-%-th;x)vm:Bm-h a y? y*x 

30 «y h^tEl*^ -y H<0»JS*ftT* ->T , BfrlEEmf**^ 
^"C^-y±tc«iaie«RkEII*»jSt*lS**i 
ftkkifc. ^^JHBHetHR»«ri»-«£m«:. HiifEy 
y a y^^|JEE«*^fcJfiBt4fflli(cS* , tt'> 

JA^v+y^WikmzftnXA y?**hT<t*B 

&t&4 y^y'x -y bsSfEifK'y vwma&m. 
imm2 1 3 miTmkm^znmhw-y* 
mm. mmnmi. <x^x\ mimwx-vh 

xy+yftftotkUz. z<r>&. mm®ffl&mk 
40 WMkZBf&l. §4>t. KilEM^ttH^'fx-y^y^ 
JffHy;y'i7h ^IE#*^ -y K<0Mtm 

[li^fl 2 2 3 ^ H B H y 'J a ya^^s? 1 comiz. e 
«**?-*»jK-t*kk«)C. i^yyaya^cofne 

E«f^^(CW^I»eS^^tt'>X>y bX«yf-y^ 

mz'tT~,XJy?**t'TjZBf8.L. §<?>fc:, lufE* 

s H B B y y 3 ya««os? 1 wBoRatMcfiHtf *ss 2 w 
ffitc. HulS-f y^^Yt^^(*i^iR§§^^y^S:tt 
^hJX)vwiu*tthJX)vm&Bmh-miX'h 

50 ot. 19SE«f**F*»iaW*fc«>^Ta«ffi*x-y 
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)SSr sifter U 3 v*^«>iMI«x(c*fl L , K^X\ 
■WK-yFAWtSife. 

[ tt$g 2 3 ] #8 'J 3 y£«c7)SI 1 cofflt . E 
4fiHUc»*tt'>x» hx v f-y^*aiS?WKffv\ & 

^T»*tt h 5 -f x ■yj-yT'zmmmzfiix 4y?* 

91 1 «>lB<7>RWffl fcfflfltr * SI 2 <OD(c . miJy?* 
* h'f 4 (c JR£ $ 4 y ? ttaj-ri. y X>HS □ £ 

ttBmit&nTW&mzmmmnx'wm. 

«U &wt\ ^o^x-yhxyf-v^fcltl/CfcM 

[ mass 2 4 ] y 3 y i o®£ „ e 

mSi^M-t^. t k i> iz . ^Emfmtti&t 

ifflJtfc^tt^xvhxyf-^iaiJWtcffvv * 

v^R*ftH5'fx.yf->'^^as?«t=fTor-f>^* 
m i <3ffioRttfflfcttaw-* » 2 . w&a y?* 
mhjx^mmm-h^x'h-yx. mi&wm 

W-^i. ffRKIUU:. att*»JftSL ByfB»> 

x-y hx-yf-yXk h'^x-yf-yXk fcilRl/Cff a 
«k a fc y? y'i -y N5S!filJK>y KOK&ttfe. 

[000 1 J 

«^-y vmtcommmzm-tz . 

[0002] 

;b*>, «SHWx*;Nf-*«tt«x*;^-fc:SQ«'tft 

tie-T) a»fc$r***£«fflu:4 y^>-*x 7 b^ian 

A. y H^&S. .TO-f y?y*x -y h5tiailK'y Mi. - 

?«s&£a5 «t a nassero o wt>ts»« 

^izm^mmL^pzrm^k. zmixffi&ztix^ 
h. z<nmi&4 y^^'x-y bism^v m, huISp 

ZT*^tCf»S- JD^.T P Z TStff £ k IZ 

SiH y^jiSStiS^^^/tryX;^c^$nTV^^ 
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[0003] ffta^-y na^m^y a ys«*^ 
SBWwas^ y a y»c^x-y bx 7 
ryfzmiRmzfto zuzx o . ffl»aco-f y?mm 

ffiRlX^l. d<7)^x.yhx.yf-y/{i N HRWK. 
5a»%-4 ofi*%*>*iwb& y »>A*»«»«?BSR 

[ 0 0 0 4 ] 4Jt. flWEyX/HJ^KlKi, B»fS 
[0005] 

x-y hx-yf-y^j; 0^-y HS6*»*1-&Blfc:, Kf 
ISPZT^^x-y^y^» 5 «ilrt^i: , m$>Z 

y mm* «v \ -wM-r* £ ^ icimsji^ y 
(07)^ y y|<ji?gJ) & v^tix -y -f - yj/R^^*w 

20 «£it»L-C» PZT^c^-^'Sr^StV^R 
[ 0 0 0 6 ] t fc. HfJgffiBfc'f A-f y^tttBP*W 

[0007] *?£Bj( j s - <o i o zmcomM&ZM®. 
st^^fliiikkfcfc:. >fy^«r^a-c^«{cRtajt'# 

h4 ytitx. -y h^iaiK-y HS-Jtft-fSi t SriWk 

^ . m>m<?>4 y? z&mzaiiati a y? *Jx >y 
=Sr< , >r y? j«arc«i3tiiittM y ^^-y 

[0008]$ fc, 3R?fc:IMi*4i 

40 |)^X-y hX.yf-y/$r, 4 y? y'i y hj^iaU'V'y H 
^ff«3I^F«rfflli4-f y^i^'x -y h^lBflK-y H^IGfi 
[0009] 

. m a B y y n ymm<nm 1 <oib 
fcE***^^ > mie#^ 9 s b ^ y 3 y»«wfrfEE«fr 
m=Ftttmz>&mz%&Lzixtz4 y?*^ ft ^ t . 

50 ^20iBHift»t^#t, ^OH-ffe-f y^^hr-frtlcK 
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x. mt^y^^^T<\t. wsm2(omfr$>mi<o 

m<rttmX'tfmij&*7Xv hx.yif-y^tJ: 
A^-y^ynzxm^tix^h^y^'J^-vY^. 

iK 7 H ^ffitt-tS i«yC* A y? : Jx -y YMm 

^•y FUcoz. o %mmzt z>z.tx\ smftmTcom 
m&zfti.'fhzttfx'th. 
[oo i o] flirte^f y?*-vt'-f >rtf>, friB^i 10 

ft*, i^K y?*^t7M <9«=fittTi«<T-^ 

ct> *>*»*> fe-r, wmmmtiX^zEmtm^my 
ryJTyzZjzZKtizttfX'Zh. u*t> 
E*«*F<^a***# < t h z b wx-t , a y ? «• 

[ooii] Mia^f y^Jftt'f < fftem i 
<rm<nmtpt>m i om -wxa«fc»j£Sivc v ^ n 20 

-frbm&tua. mim&izmi. jy?**t'r-< 
Wzvmzixrz4y'?<n4i--9yx*±%<, 
fc, EmtmTnayrj-iryAZ'i^KX'Zi. l 
tztf~>x. EKft^^aaft^/bs < t ttsteWM y 

[ o o 1 2 ] ttz. mtm2<m^ ( 1 1 

0) -C&O. fjlEM^Ttt^X-yhX-y^-y^X.yf-y 

[ 0 0 1 3 J ** Wttfc, SiEJ&2tf>fl8tt, t&Jfcfrffi 
( 1 0 0 ) T&O , ffiaP^rtt^x-y hx-y^-y^cox 

•yi-ymt ix. Tjvtvimmzm^hz.btfx'* 

[0014]**:, #fe a B y 'J 3 yW&?M> 

1 Wffifc^SftfcEWta&^i: , h5IE#^b b h^'J 3 y 

+ 1 r-f ^ t , mmm^>0 ^ ya«c7)^ i omn 

=*-rt*T<f yfZQtiii-t&SXjmn 

tfjmztuzsx/MRt , *9tt:4 y?i>3- -y h^ia 
m^-yYX'h^x. Mia-f <\±* mmi 

-frbtzhA y? : Jx >y hsSfBUK-y H t<0 
[00 15] *LT*fc, **9!ti, #M B H B ^U3y» 

u a y»s«OB?naE««^^ t*«e?* 6ttx«8ft3*i 50 
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A y * t 'r -f i: , B>ne#^ B B B ^ 0 3 y a^com 1 
c7)fficoRWiit{aa-rsm2coffltisft^>ti. frotnta 

4 y?=^ t'f ^ rtfcJRgS*ifc4 y ?£ttdi-ri> /x 
MlP*W*8*ufey XA«fc . *ffi£fc>r y? S^'x -y 
bSiaflK-y HTJboT, MiB-f y^df-vt'T^tts hu 

ta^ 1 <m<w&mpt>f& 1 t«cii^w 

^-yc-*»feJ8ri-( y?y'x >y h^tail^'y HSrft^-f 

[0016]**:, *«h^{j. #fe B ^y 'j a ySMcom 
1 <3ffiCJBj£3ftfc£E*tt*?fc , fiia#M B B B ^ U 3 y 

m&mmimftm? t m-ri eici^ti/^ y 
^ t r-f ^ fc , lufa^Mai^ u 3 ya^co^ 1 » 

RM:{aB-rs^2f)Mt3lSft^n, aolWMV? 

^thr^ rttiRs$*ut'f y^ SrRtm-rs /x/ma 
tfmztuksxjwb , *«ifc>f y^ -y h^ie 

E««*F*jaR-tsxgi: , i?fie#^ B B B ^';3y»« 
nmi&mtm^bttmhm.izmii&^^-y b^-y 

ISt, ^fcTftS-fy^x-yh^i^'/bV)!! 

««*FfcS»**-r i b%<. j y 7 £«cttai-e 

[ o o 1 7 ] ifc, *^H>i{i, ffia» B B ^ 3y«« 
<7)-f y^^^tr-f »iK««ft:R*tt^xv hx-y^-y 

^i-yM -y f-y nk. frte#^ B B B v- u 3 ys«±^Hir 
m y?**\zr < bftmi-i&mzsMwm^m^. 
turnt, mvmm^ffimk. nrie#^ B B B ^u3 
ywm* y?*^T<mmm<iizm l &Y74^y 
j-y7zm.w.mzftw jy^^^T-izmm-hi- 
ub. zmixzu y?iSx-y b^mi^-yvomm 
nm$kmhh<nx'hh. zvmmirmx'te. smw 
ttrntfLZiit wwm&i' u 3 y^^s^rtt^x 

•y Y^yj-y/Z'iTOZbtfX'^h. Uc^oT, C\<D 

x-yf-y^^Strsft^K^^-f-s^t)^^. ^<7) 

mwm-fhz\btfx'%h. 
[0018] mimn^v bx^ym. mem 
2<nmfrb%i<om(oi&mtX'e>ffi®rcft\'\ mmx 
ttH7-fx>y^-y^{i, messifMdiS&frbSiw 
Mix-commx-fro z btfimx-hh . 
[0019] ffia^tt^x-y hx 7 fy 

^i, Mia#^ B B B ^'J 3y»«c7)^ B B B ^rfi[ ( 1 1 0 ) m 
frtyft? bb i>lz, zc-y^-yf'mblXTJi'/iVymm 

zm^x'<tozbwx'£&. 
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[0 0 20] h&^tttZ, lieS^tt^X'/bX-yf 

>7\i. mimgki'V3>mR<7)&£l l Jj& (10 0) 
Mfrhfiobbhlz. ^y^vymtLXTJVtwm 

[o o 2 1 ] msmimt. a y^tt'f^ 
)vwB^<nmzw&<m,zwm&thiMb. mi 10 

7L^^LTfrie^ B B B H^U3y^^i-ri,iSi:, SIS 
^ B WyU3y£|$£U:f£. ffife/X;MlPfc&ft?l 
JSWtfJILfcSjttftlSi:* *Zt>i<zffiz.hc\btfX'% 

*. ztiizx^x. mmmzmi. jxmm^ 
fsmz'tftz. 

[0022] ZUz&iz, *%mt. *»A^U3y* 

y ^ ya^coKrieEmft^-? fc * 

>mnm^titzyx)mb , *flttfc-f y?y'x ? 
n^ibhk >y H<o«artrat* ->r » jjl&as' y 3 yg 

Sfy 'J 3 yMffftXgi: . SKftaSixfcf MMt^ 
V 3 y«BJfl 2 ^ffiffl<y)ffi£¥iSfc-$-ftIgi . il£ 

TflftSiifciiiJbfc, jxfrmmf&mmBfct&T. 

Ub „ fiiey X^t9B«ffl«)»«HHti' , J 3 y±fc# 30 

ASS/yavfclftiUrflL «fiyXrt«Pfc«r4?Lia 
JlOJLfclfrfctftXSi: . Srfilx^^ y?y'x >y Fs^fE 

X. SXtWcOBfSWt8mzftz.l. 

[00 23] §4>t. #fKJHJ. HUle^X-yhX.y^-y 

Mjf^ffi^S«1- ft t *>T* ft . 40 
[0024] 

4 y? y'x y F^ISSK-y H(=o^THiBSr#jHLTK 
H&tft. 

[0025] (utt^gs 1 ) 11 1 it. wtmnxton 

BBlzm^y? i?x >y h5tlBI^-y K<0-»&gr«r 
ffi0. 02Ji, 0 1 y?y'x -y biSfEfJK-y H 

wm&j.nzTfitxwmmx'&i . 

[0026] mm<r>Bm 1 £$ft4 y? >?x >y haSfEii 
MhUHi iZTfcf i. 0 iz . #ISAy y 3 y£fi 1 <o 50 



^¥10-286960 
1 0 

tSinmiz. iSiWgTftft^y3^kK2i:, HHE 
^ia-CV^ftT«ffiT'S>ft7°7^M3*«$n. £ 

^SftT^ftS^tttJfc^ftgBMi. 4 y?*+t* 
f 4 20jWIMS*iT^s. #& B B B yy3yffi£ 
l«3?lwffltR#fflcog52<offlt;:f;L 
-f 2 0rtt=JR^$il7t-fy^Srttai-rft/X;PraPl 1 
btfJMUttifc/X/MKl Otfffcft^ivt^ft. 
[ 0 0 2 7 ] -f V 9* -V h'f 4 eiSttfiis >J 3 y»0± 
fflfc*t LT ffitfaSHK . T)V1] U V ^ «>X -y 

hx-y^y^cio-C. #jS$*i*nJ:3fc, MIB#SS 
Ax u 3 y«^<offl^r{i{i, ( 1 1 0 ) S>ft u± ( 1 0 
0) -c&ft. v^-fn^ffl^fitct>^Tt*^lifiJfflT' 
#ft. 

[0 028] -<y^^A-t*-r>f 2 0tt, ^A^'Jny 

x«c 1 ^2<offi*»4>» 1 comcomtx'tfmu&vx. 
«/Y*»/i->y\ l zz.*)BtfLZixxm. zcomn. * 

ttAS" U 3 yg^ 1 <o« 1 tf»c*f UTB&SB=3rffll®7 
y^iO^^-CfcO. ioata-tt, 'fy^drrh' 

r -f 2 0^hfllfc|*|ft"C«<f-^-*offlia8*»4>* 
fi££*rCUft. 

[0029] £OHflR*fllife>f y^ xi >y h^lBflK 
«yK(i. -fymt*f< 2 0OilM7SU r 8O3y7° 
7>XiZ. mkOj >7iSx -y h^lBH^-y K<0* 

2RV77i-i-me>3y~ryj 7VX*±*<-thz\ 
btfX'%htzX>. m>®<V£G[M*±Z<b$>c\btfX' 
§ft. Ut#ot\ 'f^^fttr^ 2 0[*|{CJRS$tL 

Jt'f y ^ sriSjS-c^o^atctttij-r ft ^ t ft . t 

y U 3 y«K 1 1 ft £ t ZMstth Zbl>X' 

#ft. >f y?df*t*r4 2o^ffiami^fflco3g 

^^flTV^ftTt*'), >f y^^r^ h'f 2 0 £x>yf-y 

y^^fff^T'. x.yf-y^$»yx.y^y?'£jE4j£ 
!fiSt<toTft§*tft£fcSrl»jt"C#ft. Uc*>'oT, ffi 
!SttS:IftI±-rft£fctt'#ft. 
[0030] 0 1 ^-r-f y ? y'x y ns^ibik 

[ 0 0 3 1 ] 02 (DK^-ig-ctt, mta . m z 2 

00 u mnw&fki' y 3 y» l cr>£mz. WUfi l • 

0-2. oumw&<oi'V3ym{m2Zfmitmzi: 

5DSt5. ^y3ylMfcR2iWBi£5*ifcJ«S 
B B B yy3ya^i(T)^i(0H^, ^/f^*o. 2-1. 0 
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ifcvve, I^75fti3iC,If^0. 5~5. 0 
jumg*tf)PZTit4*yrt' • yjwfcbiwtvt** 

ftfciojgjawi. i«pzTjR4±jc. 

0. 0 5~0. 2/*mSK<07 , 5f-^K5*^-y^ft 

xMS:-?X?t LTx-yf-y/Srffo . 
[ 0 0 3 2 ] <Hc, 02 (2)fc*f iSTJi, H2 (l)fc 
jj^STW WlfcJMSAS' V 3 y*& 1 <7>m 1 (OWt 

2±-C&oT, PZTK4*«»jfi3*lfc««JjW^)ai5» 

£-?x?iL-C. ^'^ygHU^^x.yhx-y^-y 

[0033] ftfc, 02 OHC^-tlS-m. 02 (2)£ 

fff ETV -xy ^$itJt >- y 3 yiMfcR 2 S vx ? t 

LT 7 7 LT s^U a vlMJt2 £x ? f- 

(KOH) 4USft^U3>'«El*X.yf- 

y*t**-rs. ^mmmmx-ii. zcom^> 

'Jn^IlWtvf^ll 1 8 0-1 9 0A£mgJKO 
SSi-Cfrofc. ioigfciD. fSfay^yit 

1 0 0 34 ] &WC\ 02 (4)(=*^ISTtt, 02 (3) 
SSlfcx-yf-y^-*-*. i^SM^-fxyf^ 

jLy+yrxxt lt, rvvwaaw** **v> 

7 y*?TS££trW»^gil-#*£teffl t . x -y f-y 
i^f^co-f y?* tt'f^ 2 O^SHb^BWOJBttt** 

i a RjeKj^fnes^xr^«s^»j^* nut i . 
&K&x#w?ffiffl&a;?i i o ow~2 o o ow^x 
*;mt-t* 5 ~ 3 o #<?>3#t- . v y 3 ymfm 2 #m 

o, m&7 tiso 3 ymm 2 1 c^ra ic. ^m^-t* 

[0035] Z<?)£ 0*Z. H2 (3)&tf(4)fcijr$-IglC 

io» imLtzmfc<7)4y?**\L7-4 20ZB8.1 

fc. *Htt^»JB-«i, lM^X7hX7fy/ v tI 
£te h 7 4 x -y y ^ t ema&b&z X x A y 9 * 

■M»32M^PZTjR436» s x.v+vTffltXfs.vI'Vr 
RJM=jS1Mc J: ->xmti& Z t Z®±-tZ ZttfX'Z 
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1 2 

[0036] mz, 02 (5)(cs%tia-ctt, -f y?* 

tt'f^ 2 0t*i£, (n^rx) ^'J3y9 
SrT^XvcVDifcfciOsWW*. ft^T, JWSftS' 
U 3 y g& 1 com 2 comizBfc § ftT ^ h v V 3 y BHb 

ftSiifcs^U ay|WfcK2£t#MHti'y 3 y 9±(c, 

;x)vw&im<?mbLx. tmffi. 0-5. o/*m 

«W8iiTV»4«fl't. SiRWtcx.yf-y^L. SSSio 
?L1 1 a-l 1 cSrPPfS. ^fc. CO?Ll 1 a~~l 
led d<i<bO(ft/X;HBPi:'5:S?L* { #*nSJ: 

[0037] 02 (6)fc5^-lS-Ctt. 02 (5)tC 
^t!gT«Uc?Ll 1 a~l lc^MT^fy 
U3y9^x>yf-y^KJ*"f|,. ctox-y^-y^i, 7 

yrtmiLtz-m, aiu-iic^^ sx»m 
20 nfc=at*7Li 1 bmtmmti. ^m<^M 
m\ 0 1 tzmwknj y? v± v vrnm^v v 

[ 0 0 3 8 ] , *m&mmxu , *^ B H B ^ y 3 y 

S« 1 cOKW^ 2 0 0 m^Ki: U^* 1 . CfifcRt 

-r. *^ B B B >'y3ya^i^ji/iE{^ sutt^iwy^ 

TiV\ ^'J3yig^2^7 , 5^7-lg|3&^ 
5, PZTM4. AKM10«)IWiN«U=. ffiit* 

30 [ 0 0 3 9 ] * fc, *Hfg^^ST'(i , mSiis W3> 
1S1C, 18 0-1 9 0 wmg J g<0ai§*'C^tt'7 
X>y hX-yf-y^^o^^-COV^TiKBJLjt*^ i 

#iWR<5>-f. ^tt^x-yhx-yf-y/ti, £jfiU:-f 
[ 0 0 4 0 ] 4fe. *»tOJKB-«i, TmSt LT7- 

40 y^Afcr^f-^tw^A, >f y^At^-7 

y") A<oflt«W*o»«ttK*ttffl-f 4 i t 4 . 

■f, mm. r^sx^A, v-ysyi^tr/psz^ 
Ai:<7)^ x ?qa, ?y?xfy. <iyiS*?J*-xx 
mmmnmnm&im-t h z t vx-z & . 
[004 1 ] tLxtt:. xmmcommx'it. sx/\,m 
mfcth&mmiotix. ~^^mmi^m^ 
izi^xmrnttitf. ztuzm^-r. mta> 
50 *y. ATyuxmZimLXi>i<. ttz. &mmz 
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[0042] $ fefcifc, *Htt<OJB«Ttt. -f y 
+ 1 r 2 0 rt KINDTS' 'J ny9 
^TKWUfc^ cftfcffll^ 4 y?*-vt*-f4 20 

if. x.*r J J-y7Wfi7vW)1S&lZ.\** psg ( 

[0043] 4fc, #SStt<0JBSST?T ofc02 (5)&tf 
tee>ffljGH\ »^£^y?^t'^iHl;c£^ 

[0044] (mwmB2 ) mz. *mwmm 

12CK^y;y'x7 h^lB^v KfcOWC. 03 

[ o o 4 5 ] H3ti. *%,w<7)mmcoBB2izmj y 

9 Vs. -y hsSIBIJKy K?)-gff£^ffiffi0. 04 ti. 
03 y h3WE«K«y h'^SatXg^^ 

flgSrHETC**. 

[0046] 03 t^t>f y ? 5>x -y NsMK-y F 
fc . ggffcOJBS 1 fcffiM y 9 y'x «y h5$tai§K-y F 

(0i#K) t<7)^jt±c7)avM±. 'fm^rtft^ 
mfiflijiTfti . nmmm.uz&hA y9 s>x * « 
ia^s-y K^ft'f^ 3 ott, mMfi^'jaynfiti 

«g2<7)i*^^i«iff§itmtt^i7 hx 
•y^y/cio^^n-ctjo, ^^^{i. mUS" 
U 3 y^S l *>SS l <oiBtc*f t TB&SE&OOIS 7 
fiRSflTHS. t/c, *fe B B B ^'J3y»«i^mi^ffi 
ojfi^*^micoffltt'*\ H^rttb'^x-yf-y^t 
iOm^iiTfcO, £<ofMHi. ^y^^h'r-r 3 

[0047] znmg&miM y9i?x ■* fssieuk 

7h'll A y?** b'f-f 3 0 rtfciR3P§;fifc>ry70> 
4:r- 9y**±%<. Zt>lzVVayWH\M2tTy 
l-1-mcr>ayT7-(TyxZ4^<V$h. ltz¥-> 
X. Wl&<7)4 y9&m&l,Zi>kiiiir&ZkWX'£l. Z<7) 
y^'x >y h^failK-y Hi DiSSfrgiS 
SNI$rl3Ii£S&«-C34. Lfc#->T, PZTfflUtf)£ 
QMtffrZ < T 4 y 9 Sr-HHcttifr*-* £ fc 



( 8 ) 10-286960 

1 4 

*. 4 v9**\:?a 3 ovmmi <m<vm 

1 soffit Xf}\ M^tt F 5 4 x «y f-y m J: <0B 
l&ZtiX^&tztb. 4 y9**t'T4 3Q£xv1-y9' 

mm-m^ r7^jS3&txpzTiS4^x-yf-y 
ywmt^ 7 f - y?w.mMi,z x^xmztiiztz 
m±x'*&. uzifi^x. mm*ft±.i-&z\bi>x'Z 

[0048] ftt, 0 3 K^-t^ y^ i^'x -y H^ieilfe^ 

[0 04 9]$fe-f. 02(l)~02(3)t^-riSt|5]« 
[0050] H4fc*tIiHTtt, 02 OHw^rflg 

t-ffoTt^tt^X-y hX.yf-y^^ttH7^fX-y 

f-y/tc^O^T, $4>t#^ B B B ^'J3ya«i^x 

•yf-y^-rs. zcDmu^y^^y^ym. x 7 f 
££Jfl Ls x-y i-yftecoj y 
x'^mmta^j 1 o ow~2 o o o w<ox*;^--c5~ 

3 O^^feftf , y'J3 yRfcK 2 A^'HWf 4 * tlfo 

nyiS{[JI2fc^lsifc:, ^mtt'f^3 o^rtWc 

[005 1 ] ;<7)J:pK, 02(l)-02(3)&t>'04tc 
30 ^tlgt J: 0 . nfi£Lfc»lS^>f y^^ t'r ^ 3 0 

yyt Wi& Yyjx.v+yyt Wot 

•^y^^^t'f-'f30 ZM&tl tztb , i <7Dig<7)^ 
r5f"*-K3a^pzT]R4#x-jrf-y^?Ratxx 

[0052] iwc 02 (5)&i^02 mz^xmt n 

ttWlS*«JWf V\ 03 y^ y'i -y h 

40 [0053] mmcDBB3 ) <xc, *m&mmm 

®3CK'f^yx >y h3^te^^-y H^OV^T, 05 
tt. Htt<0JB!B 1 tUMBLfc>f y 7 y'i v h^fEIIK -y 

[ 0 0 5 4 3 0 5 tt, *mfr%te<?WB 3 fcffi* 4 y 

^y'x >y H^teilK-y HtO-gP^*-r»rB0. 06Ji, 
05^-T-f ^y'x y h^lEil^-y K^SgjSlg^* 

50 [ 0 0 5 5 ] 0 5 (C^-t>f y?y'i -y h^taflK y K 
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(01 #88) fcwflBfiJtfMtWi, ^y?Ht'f^ 

a. nmmmsmu >?i?x » 

EIJK v HO** b'f < 4 0 tt. WSftS^U 3 *fflK 1 
<0i 2 1 <D»Oifi§^ WIM^I 7 hx 

'J n y£« l com 1 OffiKtt LTftSli* UBS 7 *» <ott 

[0056] ;<o«Bt*ffliife>f y? 5>x -v hsWBfifc^ 

ZtiX^Z>t:&b. -f y^Jf-vtr-f 4 0£x-yf-y^ 
dW-SIBfc. PZTM4#x?*y^«fcJ:o'ai3*i 

[ 0 0 5 7 J JMC, 05K*rf4 y?^'x-y hsStetJK 

[00 5 8]$fctf\ H2(l)-H2e>(C*1-ISkH« 

[00 59] H6 fcwtf-Ig'Ctt, 02 (3)(CSrflS 
■CffofcaStt^Xv hx-y^y^SrH^tth'^x.y 

•ff-^-f*. ^H^ttK^X-yf-y^ X-y^- 
y^'^tLT, A7-y^KH^'X, &*Wi7-y*7C 

«r*tf^T«»wa^x*ttffl U x -y f-y^flWH y 

Sia-csif^ai^ i o ow~2 o o ow<ox*/Mr--c 

S/'J3>l«fclH2i:<0lSUc. fflJM7t|ll«c7)SE=5:ffl!lM 
17*J»SLfc. 

[00 6 0] Cl<7)J:5t, 02(1)^02(3)^04^ 
iKtlSKJ: "3 » l^LfcaWtO'TJ'^+t'f- 4 4 0 

4y?**r\ZT < 4 0£#j£-fSfctf>, CWIgO^ 
fc, 7 , 5f^-J«3X^PZTR4*«X.yf-y^«ERlfX 

v*y?5U&iEj8,mz£ ^xmixh Z t ZM±tlZ 

[006 1] SC. 02(5)&V"02(6HcScriiIi:|I] 

a<ois«rJr<WTV\ 05^-^110^ y^vx-yh 
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1 6 

[0062] (gstajgnu ) mz. *%me>mmcr>B 

]B4(cffft>r y?^'x -y hiCIEMK'y Kteovvc. 07 
MBHl/CllWtt-*. 

[0063] *!Bttf>je!BTtt, £ttO£fl[ 1 TgiHHL 

[00 64] 07(4, %1k<m%A\,Z\%h^y^ t J3.'y 
10 h5tie#|K -y Hc^»JiXS5-^-rig|Brffi0-C'S,S. 
[ 0 0 6 5 ] ft-f . 0 7 (1) fcjjrriSTtt. 
M 1 1 R««D#8re, D a yfflR 1 ^ffitcS" 

U a >-SKEH 2*JEMW4. Kfc. JWSft^'JaySS 
i com 2 offlCffiMS ftfc v-'J3 yBtfk)8l 2 y ? 

-v t*T ■i 2.0 t^SIWt: w/x HR6 
*. dOWi;*hJ!6£7X?i:LT, x'J3 

y&MI 2 £ ^x -y b x -y f-y^t S . 
[ 0 0 6 6 ] iRfc, 07 (2) \Z5Tcf TMX-lt. V 

m mmm^udk. Mie^x-y h^-yi-y^zx o 

20 ^^-xy^§^^U3yK-ft:)12Sr-77.i?i;LT, 

utt^JB 1 1 mm^t¥x\ rn&is v 3 ymm 1 sr 
yW®.\<r>Ay?**\ZT-4 20ttsihmL\,z, WSSR 
[ 0 0 6 7 ] id t\ nevtsA^ y 3 ya^ 1 dtt 

f-y^tESftS^^mSrgft^d i:*^<^v\ 
ifiX'Zk. 

[0068] mz. : s 'J 3 yUHfc]«2*«»JSSilfe*IS 

Av y 3 y xfi 1 om 1 offitc , utt^B 1 1 mn<?> 

fkftX\ Ty*}~rm. PZT«4Xr^r5f-tl»5*» 

[ 0 0 6 9 ] <JUV^T, 07 (3) \,Ztf? Xgf (4, 0 7 (1) 
fcjjrriST^-x y ^ L/i v y 3 yS-fk^ 2 «r 
^ t . JMSAS' y 3 ya« 1 HSfefiai l H«« 

T, 07(2) fcj^xetff o ^cM^tt '?XyM7f 

y^fpih{is*>^#^ B B B ^ y 3 ya« 1 * s 

x.y^-y^L, «m7 t*/0aytii<m2t<7)mz. 4 
y?*vt'f< 2 0<M\-Wlzmx®< ; r-'*-ft<?>® 

[0070] ms&mm 1 -cK!BLfcH2 (5) 

St/02 (6)(C^-fIg5rff V\ 0 1 tSrttSjttfM y 

[007 1] ( !9fe<0«iB 5 ) 5 OHSS^®^0 
50 8«c»^V>rRHW-*. ^rfc, CWa»fcRIBSn** 
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[00 7 2] 08fc^S*ll>i>ft(i. 070>Ig0)S3B 

wcas. ( i ) ftimrfcvn:. ^y 3yaisift± 

tv'J 3 yBHUR 2 <2)«Igfc*J^ 
T. vy3y>7xy\ft|iS2ftfflft^y3yBMJ$£y\°? 
y^-f § . ( 3 ) ftlgTli. 5^'J3 y7x7N 1 o 

»2^fflt:fcft6rMft5/i;3>'tfDii}pa2 ia»^ ^ 

y 3 y zmUWI x •/ h x -y ^- y fc J: 0 x -v * y 7 

ix. magk^jaymmiz. j>?^zt< 20 

[00 73] (4) *>Ig?tt. v-UnyS^l^mi 
«0ffl(CT«ttfflR3. PZTIR4, <?-lt. ±&5mffiJS 
5 iJCJJCBW-r* . § ( 5 ) <0ISfc*J^T . v 
y3y^ft3^ftgjk:U-x'Xh8 0£flMU (6) 

[0074] ( 7 ) ftlgT'te, h 8 0 SrJHJ 

MIX. (8) OTlCfc^t, TgP«ffix-yf-y/ffl 

<?)\'i;xv~?x?82*&fSrt-h. &wt\ (9)fti 
ejcfcwc. TSP«fii^x-y^y^tT^^--y^-r 

[00 7 5]$£>fc, ( 1 0 ) tfJIgfcfcWC, l^'X 
h 8 2 fcUKS-fr-C (11) ftlWi. ira^M8 

6. Jfcwc. (12) OlSfcfcVvC, H^tth'^x 
7fy/CJ:ot > 4V7*v\Zf-<2 0W,zftr>X^ 
U ny^flffl^y'J 3 ^KftR2 4TX -y 
^-y^-fs. JJUitciO, 07ft£«i:L-C?My? 
y'i -y MEflWvy 

[00 7 6] £<7>HSW>Igfc*SVvC, S'Uai'iMU* 
Sr^U^Ox-yhXyf-y^HSfit. Igftft 

f^H7^X-y^y^ffoTV^. H^tt^X-y hX 

•y^-y^te, KOHZzemrti'* ytt*SMrc&*fc 

ft. x -y -T-y^fcaffiijlcWr/Mr l> ttffitffMfiS, 

^h&mtfhhtK zzx'coxmxit. pzT&tw 

fS. § fit v vfir v vRSS-ox -y h x 7 f - y ytf'fihtiX v > 

[0077] (mecommmm) zcomtmmmh^ 

lS*H9Ca^^TKWt*. ( 1 ) ftlgtcfc^ 
T, #fgfi5'y3y2HEl±fcS'y3y»^2&^ 
■ft. (2) ftlgtcfcvvc ^ynyg^iftlgift 
B£TS«ffiK3£jftft*-4. ^ynyill 
ftJS 2 CDffiCDi/V 3 yRftJR 2 CMP £ . 
[ 0 0 7 8 ] &l VC\ ( 3 ) ftlgK&WC . TSBlSfe 
3±t:fiiaK9 0*JB)jWft. (4) WlgCtJ^T. 
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£«kD^y3y£/\-7x.y?-y;y'-M,. 
( 5 ) oigtcijvvc. HulSffiaj^9 0 & 
WC. IS (6) fcfcWC, PZTR4&tf±SHHilBI 
5*JWW*. Wf&ftlgJi, 07<o (5) fc«<. 

[0079] ic^aggasTttx Tareau83jWBis§ 

*ifc«fc#l:frtt?x y hx -y f-y ^T'i/ "J 3 yRftlK 
Sr/w^x-y^-y^LT^x; \X80fttfc£ K^^fXy 

f-y^^jiL-cvM,. iwigfciiitf, Emmmv 

JB&.ZtiXi^WBTVx.v hx-yf-y^fcltdft 

#pt*i rti*t>m$LZtix^htzMz, Tawwcti 
-thzkhsimx'hh. itztf^x. mmm^r? 

[0080] ii-C^lSfcfe^T. (2)<7)I 
Sfc*jJt4 ^ y 3 >mWL 1 tf5»2 WBfcistt * x y 3 y 
S-ffcJl^x > y f - y ^ft^. ^ y 3 ymmnm l offitcfc 
20 ftS x y 3 y»f|«36rFaWffi 3 fc J; oTfcHSftT <- ^ 

[oo8i] (fl$7^ntes]B) ;^nas»JB*ia 1 o 
[zm^xwftth. zwmtmmxii. ( 1 ) <?>xm 
iza^x % is y 3 ys^ i ±£ v y 3 yiwuR 2 
sfi*. ( 2 ) coxnx'te. w ^vmmiouzT 
ummms t pzrm zmfcrz . ( 3 ) ^istcfc 

30 BHP*2 1£JBjiW4. 

[0082] (4) <y)Igti3V^T, PZT)i4<7)±^ 
ftSIS 9 0 Zmfcth . ( 5 ) ftlg-Cfi . y'jnyl 
m^2^M8ICM;firtt?x.y hx-y^y^CJ: 0^ 

-^x-y^-y^irr. ^v^-c. (6) <^is^fcv^ 
t, Bi«e£^9 0£iji§irt&. wt^isti. ±ge« 

«R5S:»lRLfc«, 08ft ( 5 ) 01* fcN CXB**! 

[0083] idT'ftie^fcV^T , E1Bf(^flR4 Sr^ 
EL-tf^^x-y hx-yf-y^ax-yy3y$:yN-7X 

40 •v^y? (m^ yf-y^mcom^tx^ yi-y^-m 

k. ) IX. igtoftatF^x^y^fcitl/O* 

•CV^V^gPg-Cft^X-y bX-y^-y^T'$>l.ftT\ ?X 

-»N±CIWil=Sr4f<0fS»i*fiSr< , x ?f y/ftSS 9 0 H 

[0084] (^8£0SIM^®) -«Hm«T'{±. 0 
1 1<0 ( 1 ) (OXmzb&iolZ. j/IJ3>">XVM|C 
50 i^ya>'|8ftR2. Ta«ffi«3, PZT»R4. ±» 
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1 9 

wmszmm&th. &wc ( 2 ) nxmzis^ 

nU 2 1 £I*j£-f & . ( 3 ) <DTMX'\i . y'Jn ylHt 
WMU2\t^^^)^y%:^-v^y^yy-fh. £1 

mt. ®8<d ( 5 ) im<7)xmizm< . 

[ 0 0 8 5 ] ^ i T'OHlOIg-rii. XgWffll 5 £ 
J&K LtflC^x -y bx -y ^- y ^at'^ y n y 
x -y f- y i/LT ^xyMgcogf^ H 7 >f x -y f-y y'S; 

[00863 {%9mmm zcomtmmm 1 2 
->x;\ 1 <o±^ v y 3 >mm 2 , ts««ir3» e« 

( 2 ) <0XSTtt , y'Jny >>xv \<r>W, l coffi&tf IS 2 

<offit. v 8 o zzti^timm-h. 

I 0 0 8 7 3 <Jcvv<\ ( 3 ) OXg-C'ti, y'J^ y^Jg 
1^2c7)ffl^^»Jay^)i2(craP^2 1 

*. awe. ( 4 ) axstfewc. ±»MS5 1 p 

ZTfiM4t^X-y^y^-rS 0 (5) (0Xg-C{4> '> 

y n y««coMM<7) v is* h tmtm^-ti . < 6 ) *> 
xigji, y^^ 1 ^)ffit=ffajR9 o mm 

[0088] (7) coxnX'li. i/VaymSL<?M2<n 

-7i^fym. *v^-r <8> oxgf , ffiSM9 
os:i^*ts. mm. ®8<D (8) wxsfc:a<. 

[00893 ZtlbOXmX-te. ESfrS^iS^ 
4h&*»jS$*iT*»£>, ^x-y hx-yf-y^T'^y ny 
fcx-yf-y^U ffcaKF^x-yf-y^fcifcl/o* 

*. zcrm^mrnxu, Gwmmzz zmtmrnm 

y3-r^y^i:O®# : 5r^T-0)S,T-^l.cO-C\ X 

[00901 (si ocohsmo &tc m ocomm 
mm. mi3i:m^xmm-ti. zcomtmmco 
< i ) ~ (5) <Dxmt. 01 20>*titnt"ct> h. 
(6) nxnxu, T%nmm3±izzcr>mmcr>;s?- 
yi,z£hitx v ax h 8 o^iK-r s . ( 7 ) oxer 

14. l^*h8l£vx?(cLTTSRttffiK3£''C*- 
xy^-tl,. (8) <r>XUX'\t. loisXbiMm-Z. 
< 9 ) (OXmTlt. v££<oTOffg£ftiER 9 0 
£)gj£U v-y3y^c7)^2«fflffl^ftl>^yayir 

-f LJiCO ffl □ 2 1 *» h is 'J 3 y £ »> X >y b X -y f- y 

rmz i^x^ v+yyth. do) wxg-m. & 



20 



[009 1 3 Ztl^cOXmX'ii. T$mffli3£x-y^ 

y/i/ca>4>?x>y hx-y^y^ST^y3y^N-7 

[00923 TSSWOtmttt, Pt^I r^OjStA 
ft?m&. Pt^I rkCOmm^. ^X-yhX-y 

10 ^y^cx-y^y^«-aiSA { |iJSIt-|»^II* J J)l). I 

3yR2j&»iiaji-6c7)T. mit^v^ymt^-y^-yy 
umrnv* r )mmix^^-y bxy+yrxnx'&mm 
t>mm-&z\ttf%\\ itztf-ox. m^mvxm 

[00933 (t&iwmimm) mz, mi wmm 

BM&m 4*fflVVCBW|**. 014(7) ( 1 ) - 
(7) c7)Xg«4. 01 3C7) ( 1 ) - (8) 
Xh& . 0 1 4 <7) ( 8 ) oxST'ti;, y'J3 y«t£?)E 
20 C(t«?fll^niSHettR84»®d»-«. (9)OXg 

xu. s^t:, fta^^a^-rs. ( 1 o> (4^14^ 

x-yhx-yf-y^ciO. ^'JayiMtK^)iBP»2 
[00943 ( 1 1 ) ^XgT'{4«liK^^i U ±35 

«®5 ta-r ssa*»jiws . (12) (Dxmxit. 
mjrftvyj^-yj-yytzx^xisviyzmwmiz 
bhisw vmm 2 tfrnm-t & t -ex 7 ^- y ^ «, . 

[00953 ift^Xg£4ftlf . flGB6»R*»JS 
LfcftK. ^x-yhx-y^-y^lg^HSfeL, Xg<7)fi 

[00963 7 ■ySSWiH'KTftSX V f-^«||R 

t?wtt^{sv^#jgw4*^ : 5ri»Tgi5m®*\ mm. 
®m-%±tzimztix^z<?)xmmizx. 

mORizWaiX^i. Ltzifi^X. -/X 7 hx 7 fy 
y^Kl vf-yfX'b h K O H*» St i h ?*- ; Jtf 

[oo97) (mi 2(Dmmmm) § uzxnmmm 

40 01 S^fiJfflLTiKWS. 01 5(0 ( 1 ) 401? 
cOXWii. 014^0 ( 1 ) - (8) (OXShlsltT'^S 

( i ) ^xsx'(4. *ra^^84±tc 

±»8& 5 (dKtt 6 ^Jg^^ . ( 2 ) OX 

mx-ii. $ ^ (cfiaK 9 o tmm-h . ( 3 > <oxgT' 

14. S^rtt^x -y hx -y ^-y^n4 Oy'Ja yK-fkflS 2 
0>HPa» & ^ y ^ y y \-7I y f-y^l. . 

[00983 ( 4 ) oxmx-n. mm9 o mima 

? h . ( 5 ) tf)XgTl4, M^tt K7-fx 7 f-y ^fc 4 

*)^v^ymmcomnm. r )^ ] j^yi^-y^yv 

50 -fi. (4) k (5) tWXg$rAil#xTt^ 
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